Observations on the structure and function of the ear in amphisbaenians have been extended to two new species: to Blanus cinereus of the family Amphisbaenidae and Diplometopon zarudnyi of the family Trogonophidae.
This report continues our series of observations on the structure and function of the amphisbaenian ear with results on two additional species. Blanus cinereus (Vandelli) 1797 may well be the most primitive species of the family Amphisbaenidae and Diplometopon zarudnyi Nikolski, 1907 is a derived form of the family Trogonophidae. Three specimens of each species were examined, first for auditory sensitivity in terms of cochlear potentials, and then, after histological preparation, for details of anatomical structure. Some of the cochlear potential results have already been published in a discussion of the effects of body temperature on the electrical potentials of the cochlea (1) . Cochlear potential measurements on these animals, in contrast to observations by similar methods in other reptiles, have shown a high degree of uniformity in the presence of wide changes in body temperature.
METHOD
The Blanus cinereus were obtained from Spain and the Diplometopon from Kuwait and Dharan, Saudi Arabia (1). Various specimens including Blanus strauchi were dissected f6r comparison. The animals, under anesthesia, were stimulated with a series of pure tones while cochlear potentials were recorded with an electrode in contact with the perilymph of the saccule. The stimulating sounds were produced by a loudspeaker and conducted through a tube whose end was located over the lateral surface of the head, and sealed there with a narrow ring of cotton fibers impregnated with petroleum jelly.
At the end of the electrical measurements, the animals were perfused through the circulatory system by means of a cannula inserted through the ventricle into ascending aortic vessels, and the tissues of the head were then processed by the celloidin method and sectioned serially.
For further procedural details, see our earlier reports (2, 3) . 1487
RESULTS

Anatomical observations
1. Blanus cinereus. Blanus cinereus is regarded as one of the most primitive members of the family Amphisbaenidae. Its sound-receptive mechanism is distinctive, differing from that of other amphisbaenids thus far studied and more nearly resembling that of the bipedid, Bipes biporus (4, 5) . Except for Blanus cinereus (and Blanus strauchi), all members of the family Amphisbaenidae have a columellar system consisting of a largely osseous columella (or stapes) and a cartilaginous extracolumella. The extracolumella is a long, slender rod connecting the head of the columella to a thickened skin layer far anteriorly and adjacent to the lower jaw. Its interruption reduces auditory sensitivity, from which it is evident that sound is transmitted from the facial plates of skin through the extracolumellar rod to the columella and finally via the cochlear fluids to the hair cells.
Bipes biporus lacks an extracolumella. The columella alone makes a connection between the receptive skin surface and the inner ear (4) . The region of optimum sound reception in this species is far back on the head; the columella runs outward and a little posteriorly and its end rests against the inner surface of the skin near the neck constriction. Vibrations of the integumentary segments of the neck region are apparently conveyed directly to the inner ear.
Blanus cinereus (and B. strauchi) resembles Bipes in lacking the forward-running extracolumellar rod and in retaining an epihyal horn lying adjacent, but free in the otic region. The oval window faces almost ventrally, and the shaft of the columella extends ventrolaterally from its footplate (Fig. 1) . The end portion of this shaft changes from bone to cartilage without any other discontinuity, and ends well below the skin surface, medial to a muscle mass representing an anterior expansion of the constrictor colli. A thin plate of cartilage attaches to the outer end of this head portion of the columella.
As represented in the cross-sectional view of Fig. 2 , this plate extends a little posteriorly but slants mainly anteriorly and laterally, passing anterior of the muscle just referred to, to become embedded in a dense mass of connective tissue beneath the dermal layer of the skin. The form of the columella is shown in the sketch (Fig. 3 ).
Evidently sound passes from the surface of the skin through the underlying mass of connective tissue to the terminal plate, then through this plate to the head and body of the columella, and finally to the inner ear. In Blanus the receptive surface lies relatively anterior to that in Bipes, but still well posterior to the facial area utilized by other amphisbaenians. The sturdy columella has a conical shaft extending anteroventrally and also laterally. To this attaches a large extracolumella, shaped like a roughly triangular blade, that extends anteriorly over the lateral surface of the skull (see Fig. 4 ).
The posterior third of the extracolumella is cartilaginous with a heavily calcified outer surface. More anteriorly there is a core of hyaline cartilage and an outer layer of bone. The anterior edge is solid bone, and is embedded in the deep part of a greatly thickened dermal layer in the region of the second and third infralabial segments. This extracolumella completely traverses the third infralabial segment and enters the second infralabial for a short distance, reaching a point well anterior to the quadrato-mandibular articulation. Because of the great thickening of the skin, the mechanical coupling of this element appears to contact the first infralabial and extend through the entire region of the second, as well as connecting to the supralabial region (6) . 3. The Inner Ear. The inner ears of Blanus cinereus and Diplometopon zarudnyi exhibit no outstanding departures from these structures in other amphisbaenians. Counts of hair cells in the auditory papilla are shown in Table 1 .
Cochlear potential studies 1. Blanus cinereus. At the time the cochlear potentials of Blanus cinereus were studied, we were still uncertain about the form and location of the sound-receptive mechanism. Accordingly the sound tube was given a variety of locations along the side of the head in different trials. Fig. 5 shows results obtained in one of the animals with this tube applied at three locations: far anteriorly over the lower lip (curve a), over both lips, close to the angle of the mouth (curve b), and over the posterior edge of the lower lip (curve c).
These curves indicate the sound pressure in decibels relative to 1 dyne/cm2 required for a standard response of 0.1 ,NV.
The three functions show variations, but have much the same general form, with best sensitivity indicated over the lowfrequency range up to 2000 Hz, and a very rapid decline of sensitivity for the higher tones.
In another specimen (Fig. 6 ), two positions of the sound tube were used, one about the middle of the lower lip (curve a), and another far posteriorly below the corner of the mouth (curve b). The second position proved superior to the other, and indeed gave the best results of any of the trials, with points around -20 decibels for tones between 800 and 1500 Hz. These functional observations are in harmony with the location of the terminal plate of the columellar system posterior to the facial area.
2. Diplometopon zarudnyi. Sensitivity curves for two specimens of Diplometopon zarudnyi are given in Fig. 7 . In both animals the sound tube was located over the facial area just anterior to the angulUs oris, covering the two lips about equally in one (solid line), but shifted a little more ventrally in the other (broken line). For both curves the sensitivity is greatest in the region of 700-1500 Hz, is rather well maintained for the tones below this range, but falls off rapidly as the frequency is increased beyond 1500 Hz.
Results for a third specimen are shown in Fig. 8 . The sound tube covered the lips about equally and runs were made at cloacal temperatures of 28°and 37°. As reported previously, there appears to be no systematic variation with temperature within the range investigated. The curves show a region of good sensitivity around 500-1500 Hz, as well as another favorable region at 200 Hz. As in the preceding specimens, the sensitivity declines rapidly in the high frequencies.
The efficacy of the skin as a receptive surface and of the columella and extracolumella, while leaving all other structures intact. The resulting loss of sensitivity is represented in Fig. 9 . As will be seen, this loss varies with frequency, with abrupt changes around 500-600 Hz where it goes from 31 to 10 decibels; it averages around 20 decibels. It is of interest that the disrupted columellar system is still useful for tones as high as 7000 Hz.
DISCUSSION
The two species investigated add further to our understanding of the curious transformations of the auditory apparatus that have taken place among amphisbaenians. These transformations appear to reflect two conflicting influences adaptations of skull structure that have occurred in connection with the adoption of a burrowing habit coupled with the conversion of the skUll into an excavating tool, and the overbearing need for an animal living in dark subterranean tunnels to retain its capacity for the use of auditory cues to locate prey. In a sense, the genus Blanus stands intermediate between Bipes biporus and the other amphisbaenids in the form of the sound-receptive mechanism, as its sound-receptive surface lies anterior to that employed in Bipes, but well posterior to the facial area used in other amphisbaenids. Both Bipes and Blanus lack the advantage of having the sound-receptive surface near the anterior end, where acoustic signals from predator or prey located ahead in the tunnel would best be received. While auditory signals reach the sensitive skin areas after passing alongside the head, they will be somewhat attenuated, and removed from the jaws relative to which the information has to be processed. The size of the hair-cell population in Blanus cinereus, determined as 50.2 (mean of four ears) is comparable with that of Bipes biporus, reported earlier as 54.1 (4) . All of these observations support suggestions in the literature that Blanus represents the most primitive surviving amphisbaenids.
The ear of Diplometopon zarudnyi is remarkable in the large size of the columella and extracolumella, and the considerable ossification of the surface portions of the latter process. This conductive structure therefore is massive in relation to that of other species (6 Diplometopon zarudnyi, as noted above, represents one of the most derived members of the family Trogonophidae, characterized by a shortened and highly angled skull. It is here compared with Trogonophis wiegmanni, the least modified member of this group and the only other one for which sensitivity measurements have been carried out. In earlier experiments (2) one specimen of Trogonophis wiegmanni, which has a short, simple rod-shaped columella, was found to show a maximum of -36 decibels for a tone of 500 Hz, and another specimen gave best points at -33 decibels for the region 500-700 Hz. The performance of Diplometopon zarudnyi as reported here is on about the same level with the best ear shown in Fig. 7 reaching -37 decibels at 900 Hz. The frequency regions for best response are also similar, with the region for Diplometopon perhaps extending a little higher, though irregularities in the curves make the comparison difficult. Thus, the high modification of the extracolumella in Diplometopon appears to incorporate an effective compensation for the structural changes in the skull associated with a new method of tunnelling (5) .
